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and David B. Richardson, PhD
Objectives. To use dynamic visualizations of mortality risk functions over both
calendar year and age as a way to estimate and visualize patterns in US life spans.
Methods. We built 49 synthetic cohorts, 1 per year 1968 to 2016, using National
Center forHealth Statistics (NCHS)mortality andpopulation data.Within each cohort, we
estimated age-specific probabilities of dying from any cause (all-cause analysis) or from
a particular cause (cause-specific analysis). We then used Kaplan–Meier (all-cause) or
Aalen–Johansen (cause-specific) estimators to obtain risk functions. We illustrated risk
functions using time-lapse animations.
Results. Median age at death increased from 75 years in 1970 to 83 years in 2015.
Risk by age 100 years of cardiovascular mortality decreased (from a risk of 55% in 1970
to 32% in 2015), whereas risk attributable to other (i.e., nonrespiratory and non-
cardiovascular) causes increased in compensation.
Conclusions. Our findings were consistent with the trends published in the NCHS
2015 mortality report, and our dynamic animations added an efficient, interpretable tool
for visualizing US mortality trends over age and calendar time. (Am J Public Health. 2019;109:
451–453. doi:10.2105/AJPH.2018.304872)
Traditionally, mortality in the UnitedStates has been reported using age- animations of those functions, as an approachto summarize and visualize USmortality. The
proposed risk functions contain more infor-
mation andare arguablymore interpretable than
are other incidence measures,1,2 and we foresee
them as having uses beyond simply summa-
rizing trends in mortality, particularly in the
realm of analyzing the effects of past or potential
future public health interventions.
METHODS
We describe in brief the main concepts
underlying our risk function animations. (The
Appendix, available as a supplement to the
online version of this article at http://www.
ajph.org, provides more detail.)
Our target populations were the US res-
ident populations in each year from 1968 to
2016. Because we could not follow all US
citizens from birth to death across a half
century, we used the idea of a synthetic co-
hort.4,5 This is the cohort that could be said
to exist if, within a single year (or other slice
of time), there was exchangeability across
birth cohorts. Although unlikely to be an
assumption that holds up over long periods, it
is a usefulfictionwhen summarizingmortality
trends in a population of interest.
We obtained mortality and demographic
data for our target populations from the
National Center for Health Statistics (NCHS)
compressed mortality and population files.6–8
Then, within year-specific synthetic cohorts,
we did the following:
1. estimated the probability of dying in an age
category, conditional on surviving to that
age category;
2. interpolated the step 1 results to obtain the
age-specific probability of dying, condi-
tional on surviving to a specific age; and
3. estimated the risk functions, using the step
2 results as age-specific hazards.
We then combined the annual risk func-
tions to create dynamic, time-lapse anima-
tions. We carried out the 3 steps for all-cause
mortality as well as for 3 categories of
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standardized rates and life expectancy. How-
ever, using only these or similar summary 
measures to describe trends in mortality po-
tentially disregards useful information available 
in vital statistics data. This is because all such 
incidence measures (and even other  measures  
less commonly used, such as risk or median time 
to death) can be derived from another measure 
of mortality incidence: the survival function. 
The survival function and its complement, the 
cumulative incidence (risk) function, are fun-
damental measures in epidemiology1,2; how-
ever, such measures remain underused as a tool 
to describe national trends in mortality despite 
requiring no further assumptions than those 
made when calculating life expectancy (chiefly, 
the assumption of exchangeability of currently 
observed data with what an individual will 
experience in the future).3–5
We therefore propose using the risk 
function, and especially time-lapse
is made clear from the way the outermost
curve (representing all-cause mortality risk)
gradually shifted to the right as the years
progressed, the US life span lengthened over
the period from 1968 to 2016. Additionally,
until the late 1980s, the clear leading cause at
age 100 years was cardiovascular mortality
(1970: 55%; 1985: 49%), although its risk was
similar to respiratory mortality until age 40
years and its risk was lower than were other
causes of death until age 80 years. After the
late 1980s, though, other causes of death
began to have the greatest risk at age 100 years
(2000: 48%; 2015: 56%). We can also see that
there was a slight increase in risk of respiratory
mortality at age 100 years over the course of
the study period (1970: 6%; 2015: 10%).
DISCUSSION
The presentation of US mortality statistics
by animations of risk functions could enhance
the way mortality trends are routinely re-
ported by allowing us to present a greater
amount of information more efficiently. We
could observe from the risk functions how
mortality changed as a function of both age
and calendar time, which is more informative
than is collapsing to a single summarymeasure
(e.g., the age-standardized rate) and then
seeing how that measure changed over time.
Moreover, risks, being merely proportions,
are considered more interpretable than are
rates.1,2
Estimation of risk functions formally ac-
counting for competing risks attributable to
multiple causes of death is another novel
addition to the way cause-specific mortality
statistics are routinely reported. The Aalen-
Johansen estimator, a generalization of the
Kaplan-Meier estimator, allowed us to esti-
mate cause-specific risk, so that the risks were
not conditional on not having experienced a
competing risk up to a certain time point.9,11
By contrast, none of the measures currently
used to report cause-specific mortality trends
explicitly account for the fact that 1 cause of
death prevents an individual from dying from
another cause.12
Lastly, our approach for assessing trends in
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Note. Risk functions are displayed as the fraction of the risk attributable to all-cause mortality. These risk functions were estimated in the 1968 and 2016 synthetic
cohorts, representing the mortality experience of the overall US resident population in those years.
Source. National Center for Health Statistics (NCHS) compressed mortality and population files.6–8
FIGURE 1—Risk of Mortality Attributable to Select Cardiovascular, All Respiratory, and All Other Causes as a Function of Age in (a) 1968 and
(b) 2016: United States
mortality (select cardiovascular, all respira-
tory, and all other causes). For cause-
specific mortality, we used survival
analysis methods that accounted for com-
peting risks.9
RESULTS
Despite the use of different methodolo-
gies, our results lined up well with several of 
the findings presented in the NCHS final 
2015 mortality report.3,10 For instance, our 
estimated average time to death for all-cause 
mortality in the overall US population was 
identical (to one tenth of 1%, or 0.001) to the 
reported life expectancies from birth for 2014 
and 2015.
As a demonstration, we highlight 1 of our 
animations, namely the cause-specific risk 
functions for the overall US population 
stacked together (movie S5B [available as a 
supplement to the online version of this ar-
ticle at http://www.ajph.org] or, for a static 
summarization, Figure 1). We gleaned several 
pieces of information from this image. First, as
or one could investigate how mortality risk
might have differed under a counterfactual
public health intervention.
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trends reported by NCHS without requiring 
an external data source. The method that 
NCHS uses to smooth age category data to 
continuous age among those older than 85 
years (before 2008, those aged 66 years or 
older) involves merging the NCHS data with 
Medicare data, and Medicare data are not 
open access.10 Our method, conversely, re-
quired only the NCHS data and thus could 
easily be used by other researchers to replicate 
our results or estimate different risk functions 
of interest.
Limitations
Despite its utility, our approach had lim-
itations. Perhaps most important was the 
potential for misclassification of death totals 
(with the amount of misclassification known 
to differ by race) and of underlying cause of 
death, both of which were inherited from the 
data sources. Furthermore, we had to rely on 
extrapolation (using spline models) to de-
termine the shape of the risk function past age 
85 years, and this is where the bulk of US 
mortality occurred, especially in more recent 
calendar years. Finally, we estimated the risk 
functions in synthetic cohorts (rather than 
birth cohorts), which complicates their in-
terpretation. We argue, though, that synthetic 
cohorts already underlie all life tables con-
structed for reporting annual US mortality, and 
the resulting statistics are crucial for examining 
mortality trends. Also, to instead estimate 
mortality risk functions in existing birth cohorts 
would have perhaps been less useful because the 
data were aggregated (and thus had no ability to 
account for immigration and emigration) and 
because the data included no birth cohort ob-
served fully from birth to extinction.
Public Health Implications
We call for an increased focus on the es-
timation of risk functions for assessing US 
mortality trends and the use of animations 
of those functions to dynamically visualize 
trends in a highly interpretable fashion. Al-
though we did not describe this, our approach 
could easily be applied to and extended by 
studies examining (in a highly generalizable 
fashion) factors that could reasonably affect 
the observed trends. For instance, one could 
imagine examining the mortality risk curves 
before and after a major federal policy change 
to see whether that policy affected mortality,
